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Pesticides are an important part of pests controlling strategies. Misuse of such chemicals has been linked to 
pollution of various environments and toxicities that lead to various health conditions and diseases. Importance 
of healthy and non-contaminated fish for human diet is essentially required. Samples of 14 local fresh fish (tilapia, 
grey mullet, and cat fish) were analyzed for seven pesticides (endosulfan, heptachlor, malathion, chlorpyrifos, 
bifenthrin, deltamethrin, and fenoxycarb) using liquid chromatography with tandem mass spectrometry (LC-
MS/MS). Heat processing applied for positive samples by two different cooking method (roasting at 79 °C for 10 
min and frying at 210 °C for 40 min) have influenced the levels of studied pesticides and significantly reduced 
their levels by 53-95%. Freezing preservation of contaminated fish at -70 °C for one month only reduced the level 
of the pesticides by 6-30%, however, final reduced levels were not below recommended maximum residue limit 
values.  
 




Fish meat is a low-fat, high-quality protein source that is also a rich in omega-
3 fatty acids and vitamins such as D and B2. Calcium, phosphorus, iron, zinc, 
iodine, magnesium, and potassium are all found in fish in good quantities 
(Khalili and Sampels, 2018). Despite their high nutritional value, fish can be 
contaminated with pesticides that pose a serious health threat to consumers. 
The American Environmental Protection Agency (EPA) defines pesticides as 
any chemical substance used to regulate, prevent or destroy plants or pests – 
usually insects, rodents or microorganisms (US EPA, 2021). The pesticides 
absorbed from water or contaminated feeds are bioaccumulated in fish 
viscera and flesh tissues. As a consequence, the consumption of fish containing 
pesticides may pose a major risk for human (Kim et al., 2017). The majority of 
pesticides are toxic to both pests and humans. However, they need not 
be hazardous to humans and non-target animal species if suitable 
precautions are taken. Most pesticides cause adverse effects if intentionally or 
accidentally ingested or handled without sufficient care (Fargnoli et al., 2019). 
Degradation of pesticides residues can be triggered or done by one or more of 
different physical and chemical processes such as photolysis, hydrolysis, 
redox reactions, metabolic alteration (plants, animals or microbes), 
temperature, and pH (Helfrich et al., 2009). The persistence of pesticides 
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depends on the physical and chemical properties of the pesticide and the nature of food. Hence, the half-life of 
pesticides differs according to the molecule itself, the suspending medium, and the experimental setting (Bajwa and 
Sandhu, 2014). 
Various food preparation processes such as washing, peeling, juicing, cooking, milling baking, pasteurization, and 
canning are usually applied before food consumption. Meats from various sources are usually cooked by heating via 
different forms (boiling, frying, roasting, grilling, and microwaving). Such processes reduce residue levels of 
pesticides to different extents. However, some processes may lead to increase in the residue level due to 
concentration effect and/or increasing the affinity for lipid constituents in meat (Bajwa and Sandhu, 2014). The loss 
of pesticide residue during heat processing may be due to evaporation, co-distillation, or thermal degradation which 
vary with the chemical nature of the individual pesticide (Sharma et al., 2005). 
It is well-known that removal of pesticides residues from foods by processing is affected by type of food, insecticide 
type nature and severity of processing method employed (Kaushik et al., 2009). Organochlorine and 
organophosphorus pesticide respond differently to thermal degradation. The reduction percentages were reported 
to range from 2.63% (for dichlorodiphenyltrichloroethane - p,p’-DDT) to as high as 100% (heptachlor epoxide, 
dimethoate, pirimiphosmethyl, phorate, and chlorpyrifos) when subjected to boiling in milk medium (Ismail and 
Elkassas, 2016). Furthermore, persistence of residues in different meats has been found to significantly decrease by 
various cooking methods (boiling, stress cooking, microwave oven baking, frying, stewing under pressure, 
pasteurization, and warm smoking) ( Sallam and Morshedy, 2008; Mureșan et al., 2015; Ismail and Elkassas, 2016; 
Krishnaiah et al., 2016; Goyal and Aulakh, 2017).  
Gas chromatography/mass spectrometry (GC/MS) and liquid chromatography/tandem mass spectrometry (LC-
MS/MS) have been successfully used in quantitative studies of pesticides in food and marine environments due their 
high accuracy and speed in a single run capacity (Chatterjee et al., 2016; Mondal et al., 2018; Feng et al., 2020; Luo 
et al., 2021). However, LC/MS/MS is suitable for less volatile compounds. The objectives of this heat processing 
study were to determine and quantify cut out or response that created by the various heat treatment methods and 
to disclose the scale of contaminants after processing. 
 
MATERIALS AND METHODS 
 Fish Samples 
 A total of 14 samples of local freshwater fish were collected from Al aghoar lake. The species collection included: 
5 tilapia (Oreochromis aureus), 4 grey mullet (Mugil cephalus), and 5 cat fish (Ictalurus punctatus). Samples were 
kept under cool condition and examined within five days to one week.  
 
 Pesticides Quantitation 
 The identification and concentrations of the questioned pesticides (endosulfan, heptachlor, malathion, 
chlorpyrifos, bifenthrin, deltamethrin, and fenoxycarb) were analyzed using liquid chromatography with tandem 
mass spectrometry (LC-MS/MS) as per United States Department of Agriculture Food Safety and Inspection Service, 
Office of Public Health Science (2018) and as previously described (Alaboudi et al., 2019).  
 
  Sample Preparation 
 Samples were prepared according to the protocol “Screening for Pesticides by LC/MS/MS” as per United States 
Department of Agriculture, Food Safety, and Inspection Service, (OPHS, 2018). A weight of 200-2000 gm of muscle 
tissues were minced with ice by a food blender. The resulting sample homogenate was kept in closed cups and kept 
at -70 °C. 
 
 Sample Extraction and LC-MS/MS 
 Sample extraction and cleaning up by LC/MS/MS were done according to Screening for (FSIS), USD of Agriculture 
with some modifications. Briefly, twenty grams of already prepared samples were transferred to 50 ml 
polypropylene tubes containing 100 µL (0.1 ml) of internal standard in addition to 36 ml of ethyl acetate. The 
mixture was vortexed for 3 minutes, and followed by 10 minutes of centrifugation at 3500 rpm. A volume of 20 ml 
of supernatant were filtered by 0.2 µm filter then transferred into 50 ml polypropylene centrifuge tube and stored 
at -10 °C for 30 minutes. After removal of frozen lipids by filtration, 2 gm of NaCl with 8 g MgSO4 as a drying agent 
were added and shook for 1 minute. The supernatant was transferred to glass tubes and vortexed for 5 minutes. 
Then, 1 ml of methanol was added into each tube containing 50 mg of PSA (primary secondary amine) as a sorbent 
for reducing matrices (pigments and sterols) with 8 g MgSO4 and evaporated at 45 °C to elute the suspended 
remaining fat. 1 ml of solution was drawn into an Eppendorf centrifuge tube and concentrated for 3 minutes at 
11000 rpm. After centrifugation, 200 µl of supernatant were transferred into vial insert to use for LC-MS/MS. 
Chromatographic column -E-816240 from Phenomenex (California, USA) was used for the analysis. Mobile phase A 
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solution was prepared as 5 ml (1M CHCONH) in 1 liter of distilled water containing 1 ml of formic acid. The solution 
of phase B was 1 ml of formic acid in 1 liter of methanol. 
 
 Preparation of controls and Standard Calibration Curve 
 Positive and negative controls were prepared by weighing 20 g of homogenized tissue and then entrenched with 
100 µL of the mixed standard solution. For standard curve calibration, goldfish (Carassius auratus) were purchase 
from the market to make a blank, and injected by known concentrations of stock solutions (5 ml), then it was 
dissolved in 10 ml of ethyl acetate and applied the same extraction of the analytes procedure to prepare the 
calibration curve. Two hundred µL of stock solution were added to 25 ml methanol as a solvent. Serial solution was 
prepared with 12 points 1:1 to be used for spiking; prepared samples were injected for LC-MS/MS. 
 
 Validation 
 The performance of the analysis was fixed by retrieval of an IS (Internal Standard), 50 µl of Amitraz pesticide 
that belongs to atrazine herbicides which was added in a constant amount to unknown samples. This addition was 
done to correct analyte losses and avoid of fluctuation at the beginning of the sample preparation is accompanied 
that must be show similar behavior to the analyte. 
 
 Heat Processing 
 Positive fish samples containing compounds from each of the four groups of pesticides; organochlorine 
(endosulfan); organophosphorus (malathion and chlorpyrifos), pyrethroid (bifenthrin and deltamethrin), and 
carbamate group (fenoxycarb) were chosen for thermal processing as follow. 
 
 Frying 
 Samples were subjected to frying process using commercial corn oil at regular frying pan. Starting temperature 
of fish was 6.9 °C. Fish samples were place inside frying pan that contain oil at 162-180 °C. Fish pieces’ core 
temperatures were measured after 3, 5, 7, and 10 minutes. After 10 minutes of frying, fish samples were withdrawn 
from oil and wrapped with aluminum foil and left at room temperature to cool down. One-hour later, samples were 
taken and processed for re-evaluation of pesticides concentrations. Each analysis was run in triplicate. 
 
 Roasting 
 Raw positive samples (at 6.9 °C) were wrapped in aluminum foil to be placed in a hot oven at temperature of 
210-260 °C. Core temperature of fish samples was measured every ten minutes for 40 minutes. Samples were 
withdrawn to be cooled down and analyzed within one hour. Each run was repeated 3 times. 
 
 Freezing  
 Freezing process at -70 °C for four weeks were applied for positive samples. After the specified period, pesticides 
levels were re-evaluated in triplicate.  
 
 Statistical Analysis 
 The statistical package for social sciences (SPSS, version 20, Chicago, USA) was used for data processing and 
analysis. Post-hoc ANOVA (Least Square Difference) was conducted to determine the effect of heat treatments 
(roasting, frying, and freezing) on decreasing pesticide concentration A. P value of ˂  0.05 was considered the reduce-
off level for statistically significant.  
 
RESULTS AND DISCUSSIONS    
Effect of Heat Treatments on Organochlorine Pesticide Residues Level 
The effect of heat treatments on endosulfan residues concentration in tested samples at different times is 
summarized in Table 1. During heat processing, the recorded core temperatures of fish at regular intervals during 
the process are summarized in table 1. The accompanied reduction rate of endosulfan levels ranged from 10.3%, to 
64.3% for roasting and from 9% to 53% for frying. Despite the significant decrease in pesticide levels, its final 
concentrations (11.01 µg/kg and 14.5 µg/kg after roasting and frying, respectively) are still higher than the 
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Table 1. Effect of heat processing on levels (μg/kg) and mean residual concentration of organochlorines 




3.7 0 30.9±7.7a 0  
Endosulfan 
29.7 10 27.7±6.7a 10.3  
63.8 20 25.9±5.6a 16 0.001 
71.6 30 17.9±0.9b 41.8  
83.9 40 11.0±1.1b 64.3  
Pan frying Time (min.) Mean + SE* Reduction % P value 
Internal core 
temperature 
6.9 0 30.8±7.7a 0  
38.1 3 28.1±1.6a 9  
47.8 5 21.9±2.5ab 29 0.005 
63.2 7 17.6±2.3b 43  
79.1 10 14.5±2.3b 53  




3.7 0 73.5±22.0a 0 0.003 
29.7 10 67.2±19.4a 8.5 
63.8 20 47.0±9.1b 36 
71.6 30 36.9±10.1b 49.8 
83.9 40 28.0±9.5b 61.9 
Pan frying Time (min.) Mean + SE* Reduction % P value 
 6.9 0 73.5±22.0a 0 0.001 
38.1 3 64.6±22.9a 12 
47.8 5 42.3±14.5b 42.4 
63.2 7 22.5±7.4 bc 69.4 
79.1 10 19.1±6.9c 74 
* SE: Standard error. Different lowercase letters show that values differ significantly (P < 0.05). 
This concentration is higher than reported in an Egyptian study of organochlorine pesticides where endosulfan 
concentrations ranged from 11 to 31 ppb in 62.5% of the samples (Shalaby et al., 2018), despite being classified as 
"Moderately Hazardous" based on its LD50 value of 80 mg/kg for female rats. Although endosulfan has been banned 
in numerous countries, its production is still ongoing. Endosulfan presence in foods is an alarming observation due 
to its acute neurotoxic nature (Menezes et al., 2017). According to the Agency for Toxic Substances and Disease 
Registry (ATSDR), endosulfan is also relatively stable and persists in environments for long periods due to its 
resistance to degradation (Menezes et al., 2017). During thermal processing of food, pesticides are known to 
undergo degradation to various degrees (Keikotlhaile et al., 2010). Nonetheless, fats are expected to confer certain 
degree of protection against thermal degradation of various synthetic heterocyclic compounds (Bajwa and Sandhu, 
2014). 
 
Effect of Heat Treatments on Organophosphorus Pesticide Residues Level 
The effect of different heat treatments on malathion residues concentration in tested samples at different times 
is summarized in Table 2. Heat-mediated reduction in concentration of malathion ranged from 39% to 77% for 
roasting and from 42% to 93% for frying. Frying seems more effective than roasting in terms of malathion reduction 
proportions. The lowest remaining amount of malathion after roasting reached 15.9 µg/kg, which is still above the 
maximum residue level (10µg/kg) with a significant reduction in the concentration mean after 40 minutes (P <0.05). 
Similarly, the residue mean concentration after frying reached 4.8 µg/kg, which is below the maximum allowable 
residue level. The significant reduction in the residue concentration was observed after 10 minutes of frying (P 
<0.05). 
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Similarly, the effect of heat processing on the chlorpyrifos residues concentration and the levels of reduction are 
presented in table 2. Heat processing resulted in a reduction of residues levels that ranged from 31% to 90%. There 
was a significant reduction in the mean concentration quickly after 10 minutes of roasting and after 3 minutes for 
frying. The final concentrations of residues (4.21 µg/kg and 7.28 µg/kg for roasting and frying, respectively) are 
lower than the permissible limit (10 µg/kg). 




Roasting Time (min.) Mean + SE* Reduction % P value 
Internal core temperature 
3.7 °C 0 69.0±23.1a 0 
0.008 
29.7 °C 10 42.1±2.0b 39 
63.8 °C 20 36.6±2.2bc 47 
71.6 °C 30 25.5±1.5c 63 
83.9 °C 40 15.9±1.4c 77 
Pan Frying Time (min.) Mean + SE* Reduction % P value 
Internal core temperature 
6.9 °C 0 69.0±23.1 a 0 
0.000 
38.1 °C 3 40.0±2.4 b 42 
47.8 °C 5 29.7±2.4 c 57 
63.2 °C 7 15.2±1.2 d 78 
79.1 °C 10 4.9±1.2 e 93 
Chlorpyrifos 
Roasting Time (min.) Mean + SE* Reduction % P value 
Internal core temperature 
3.7 °C 0 42.1±22.8a 0 
0.005 
29.7 °C 10 29.1± 2.0 b 31 
63.8 °C 20 20.2±2.25 b 52 
71.6 °C 30 9.4±0.9 c 77.7 
83.9 °C 40 4.2±1.0 c 90 
Pan Frying Time (min.) Mean + SE* Reduction % P value 
Internal core temperature 
6.9 °C 0 42.1±22.8 a 0 
0.034 
38.1 °C 3 26.4±1.6 b 37.4 
47.8 °C 5 21.5±1.9 bc 49 
63.2 °C 7 13.9±1.4 bc 67 
79.1 °C 10 7.3±1.2 c 82.7 
* SE: Standard error. Different lowercase letters show that values differ significantly (P < 0.05). 
 
Malathion is water soluble and can be removed easily by simple washing (Bajwa and Sandhu, 2014), however, 
it becomes inaccessible to cleansing effect after being adsorbed into tissues. The pasteurization process was found 
to reduce residues of malathion and chlorpyrifos by 51.9% and 44.7%, respectively (El-Hoshy, 1997). Nonetheless, 
other studies reported only little effect of pasteurization on chlorpyrifos (8-10% reduction) (Marudov et al., 1999). 
Such discrepancies are most likely raised from differences in the media at which the pesticides are suspended. 
There is a lack of literature regarding the evaluation of many pesticides in fish tissues after different cooking 
methods. The results obtained herein should be interpreted with caution. It should be mentioned that bifenthrin 
has a very low water solubility and low vapor pressure (González-Rodríguez et al., 2011). Fat-soluble pesticides are 
also known for their endurance to heat treatments (Bajwa and Sandhu, 2014). Similarly, pyrethroid and 
organochlorine pesticides are primarily used in agricultural practices. When such fat soluble pesticides reach a 
water body, they tend to adhere to suspended organic particulates which are ingested by fish and small aquatic 
invertebrates and subsequently accumulated in their fatty tissue up to 1000-fold the concentrations exist in water 
(Kannan et al., 1997).   
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Effect of Heat Treatments on Pyrethroid Pesticide Residues Level 
The reduction percentages of bifenthrin ranged from 13% to 65% by roasting treatment and from 21 to 77% by 
frying (Table 3). The mean concentration decreased significantly (P = 0.049) by roasting and reached 19.77µg/kg, 
yet is still above the maximum residue level (10µg/kg) given by FAO (FAO, 2018). Similarly, frying treatment 
resulted in significant decrease in residues level (P = 0.008) to 12.99µg/kg, but it is also still higher than the 
permissible limit. Deltamethrin residues were reduced significantly by frying (P = 0.000) and roasting (P = 0.006) 
treatments to 7.7 µg/kg and 16.8 µg/kg by frying and roasting, respectively. However, only frying treatment reduced 
the levels of residues to below the maximum permissible level (10 µg/kg). 
Table 3. Effect of heat processing on levels (μg/kg) and mean residual concentration of pyrethroid 
Bifenthrin 
Roasting Time (min.) Mean + SE* Reduction % P value 
Internal core temperature 
3.7 °C 0 56.49±22.71 a 0 
0.049 
29.7 °C 10 49.14±4.64 b 13 
63.8 °C 20 40.10±4.18 b 29 
71.6 °C 30 37.28±7.67 bc 34 
83.9 °C 40 19.77±5.59 c 65 
Pan Frying Time (min.) Mean + SE* Reduction % P value 
Internal core temperature 
6.9 °C 0 56.49±22.71 a 0 
0.008 
38.1 °C 3 44.62±6.64 b 21 
47.8 °C 5 35.02±3.03 bc 38 
63.2 °C 7 25.70±3.71 cd 54.5 




Roasting Time (min.) Mean + SE* Reduction % P value 
Internal core temperature 
3.7 °C 0 43.04±12.08 a 0 
0.006 
29.7 °C 10 38.30±9.26 b 11 
63.8 °C 20 32.92±4.61 b 23.5 
71.6 °C 30 27.07±4.0 bc 37 
83.9 °C 40 16.78±3.51 c 61 
Pan Frying Time (min.) Mean + SE* Reduction % P value 
Internal core temperature 
6.9 °C 0 43.04±12.08 a 0 
0.000 
38.1 °C 3 36.58±3.48 a 15 
47.8 °C 5 27.97±6.91 b 35 
63.2 °C 7 20.53±5.50 bc 52.3 
79.1 °C 10 7.74±0.77 c 82 
* SE: Standard error. Different lowercase letters show that values differ significantly (P < 0.05). 
 
Effect of Heat Treatments on Carbamates Pesticide Residues Level 
Detected level of fenoxycarb (a carbamate pesticide) residues dropped significantly after heat treatment by 
either roasting or frying (Table 4). Roasting treatment resulted in a significant reduction in residues mean to 9.28 
µg/kg, which is lower than the permissible limit (10 µg/kg) set by FAO (FAO, 2018). Likewise, frying process 
lowered the detected level greatly to 3.7 5µg/kg, which also below the permissible limit. Significant decrease in 
pesticide residues was observed after 3 minutes of treatment (P = 0.000). 
Similar findings were observed in a study from Iran where the reduction of different carbamate pesticides was 
evaluated after cooking with water (Shoeibi et al., 2011). The reduction in residues after heat treatments may be 
attributed to thermal decomposition, hydrolysis, volatilization, or other chemical degradation changes (Holland et 
al., 1994). The remarkable reduction of carbamate residues after heating is mostly linked to their chemical nature. 
Indeed, the presence of different functional groups that are readily hydrolyzed in trace amounts of acids/bases 
during heating was implicated in such reduction (Hamilton et al., 2004). 
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Table 4. Effect of heat processing on levels (μg/kg) and mean residual concentration of fenoxycarb 
Roasting Time (min.) Mean + SE* Reduction % P value 
Internal core temperature 
3.7 °C 0 71.42±14.24 a 0 
0.000 
29.7 °C 10 56.42±0.66 b 21 
63.8 °C 20 40.70±0.74 c 43 
71.6 °C 30 31.42±0.46 c 56 
83.9 °C 40 9.28±0.53 d 87 
Pan Frying Time (min.) Mean + SE* Reduction % P value 
Internal core temperature 
6.9 °C 0 71.42±14.24 a 0 
0.000 
38.1 °C 3 52.13±0.46 b 27 
47.8 °C 5 31.42±0.41 c 56 
63.2 °C 7 19.28±0.63 d 73 
79.1 °C 10 3.57±0.42 e 95 
* SE: Standard error. Different lowercase letters show that values differ significantly (P < 0.05). 
Effect of Freezing Process on Pesticide Residues in Freshwater Fish 
Freezing process, at -70 °C for four weeks were applied on positive samples containing the targeted pesticides 
with concentrations higher than maximum permissible limits. After deep freezing at -70 °C for one month, no 
significant reduction was found in levels of any pesticide targeted in the present work (Figure 1).  
 
 
Figure 1. The effect of of freezing on pesticides concentrations (ppb) during storage period (four weeks). 
Endosulfan (A), Chlorpyrifos (B), Malathion (C), Bifenthrin (D), and Fenoxycarb (E). 
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It is well-known that low temperatures reduce the chemical reactivity and decay of organic compounds. Storage 
at very low temperature of food contaminated with pesticides has been reported to have no significant effects on 
their levels (Abou-Arab, 1997). Food storage around -4 °C may be more beneficial for reduction of residues as 
metabolic activities of cells may still occurring even at low rates in comparison to deep freezing at -70 °C (Abou-
Arab, 1997). At freezing temperature, hydrophobic pesticides interact more tightly with lipid matrices of samples 




This is the first study to evaluate the effects of thermal processing on levels of pesticides in fish in Jordan. 
Thermal processing of fish significantly reduced the concentrations of pesticides. However, if the pesticides are 
present in high levels, the residual concentrations may be still higher than the accepted limits. The degree of 
thermal-mediated reduction of pesticides depends on the physcico-chemical properties of the pesticide and food 
commodities. Deep freezing has no significant role in reduction of pesticides in fish. Further research is highly 
recommended to incorporate other fish species and pesticides. 
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